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A Study on Efficient other Operation Method of

Power Monitoring System

Ki-Hong Park

Pukyoung National University

ABSTRACT

Industry 4.0 as known as the 4th industrial revolution is a basis for
optimizing the entire production process and building the communication

system between production equipments and producers, therefore this made

many terminologies such as ‘Smart Factory' or 'CPS (Cyber—Physical—

System)’.

Automation in future industries 1s moving towards a more efficient
production process as well as production capacity. Also, because of
environmental pollution from highly industrialized world, it is very critical
issue in the near future to overcome those problems and make

improvements for CO2 reduction.

Future trends for system automation are ‘Energy savings', ‘Safety’ and
'Management of information data’.

The trend that the whole world gives attention is 'Energy savings’, which

is reflected in legal regulation changes in many countries.



Globally, many countries make regulations for energy savings, and do

their best for energy management.
The most important part for energy savings is 'measurement’, and
managing these measured data would be the basis for energy savings.
Generally, 'Power Monitor’ is widely used for energy measurement

equipments, and many consumers use power monitor for the purpose of
energy savings.

In this thesis, the power monitor is utilized as a protection equipment as
well as energy saving.

Experiment is also described.
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o] &&= fl&l st=dol Al F7F vl &2 A WA ko, PLC

L2 o AR

-29 -



g gl ot

)
i}
o
off
B
o
—U
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ol
o
N,
L
:l:‘
R
rir
RN
!
a4
=
=
ot

1

e B A gk o HRE T g8 FHs Sl
shia wiig Aevlel 82 FAsHe 2AdelA o o] Ao sh= Aelo|mw
¥ FJRvow FHo] b5 sk

o,
s
i
o,
W)
olo
ofo
>,
[
juii)
-
-
flo
it
A
E‘L“

of AIAFY S S Y AF SR AAE of gl 2ol A F

¥ 49 REEZ g A4 AF @& SH %
Jisn3 | 715 HA ool oL E PLC
e @ | de 5% A gt
DE 01 25 [A] 12.5[A] 37.5[A] + 2%
2E 02 7 [A] 2 [A] 2K He
37.5[A]
9E 03 30 [A] 12 [A]
39[A] = 0l HE
2 E 04 16 [A] 11 [A]
HH Ha 4 37.5[A]

4
FAFE JAHF (Peck Current) gFal% 3f
3ol Al 10v] % g 7RI

9} e dolHE 93¢ BEUEE o] &3 BE HoEAoR Fgo] shedtrt
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A5 % 9 ZUEY 45 A

5.1 A|2~" T4

39 BUE RS o] &8 REAIS S8 ofdlel B AY TAL WA Hri

AC220V

29 519 B9 myE 49 TAe @gxdd 23 A%l A dus
Ao Fagom, mE AT e Anse THAN 9% 2
FAgelct,
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HAF Sl tg AofE Ty s A @M Abgete wiAdE
stlom, RE o Fiel wt Fert 4§ RE= AEE
ato] Ao} gttt

s A% AA" AL s=dolF el A4 Alo] B PLC £2ZEHoE

o] &3t AT EQ o A|ojE 7|ES=Z Fh, PLC 9 39 EUYFEZe|= RS—485

oo o

ol & At

2= FEYEHEY AA"HS g6k fldl AFE Fo Aol ddd

=1 9 ol ofdel Eu

kK
o

£ 5.2 39 BUHE 4Y 2" 74

=AM HEH 24 T =i M o]* — =
1 PLC XGK-CPUE 1 LS 4+TEZH T
2 PLC E A XGL-PMEA 2 LS RS-485 S A
3 Remote I[/O u-remote 1 Ho|EEY Ho
4 | oH ZLUH 51A 1 C == HE=H
5 | m¢l MEE0| [ PRO-ECO 1 HIO|EE 2 AC/DC
3 ER] DRM 2 HIO|EE 3 oE o
7 FAEET| LC1 2 FrLto| o ZH HH

PLC &= =rul Al LS Abd #A1FS AFE-3kd ).

Ul AlFoR W2 Aa B W bR ko] ARIA|elA o] ARg-EH,
XG5000 &AZEQoE o] &3dte], Bt f= RUHY W {4 HFE At
XG5000 o gt AZEdo= LSAHd EFHo]A oA FEE 2=
7}5 3ttt

PLC ©o]9] &4l& 38t7] 918t &4l 7t=7F 7} #rh

o] Ao FAE AA F FFHE AHE e, 39 RUE FEE ¢
Q7] 9% RS—485 T4l ®E YW Remote [/O F2& $]38t Profibus—DP

A AHE sl

rir
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RS—485 ¢ gt SARELS 39 ZYE Y dHolHE dAF 4 FAlst7] flst
FAlolH, 3k9] EUEel gtk doly s otdle A T4 WA e o)
Q3 Y AS FA Y] AFE-sH)
3% 5.3 39 EYE =g 74
Data register Name Unit | Typeofdata Range: Hexadecimal F”“‘“’I an
. . | o4 to B3H (OH: fix display D2/
!
DOSFH Auto display start 1min Unsigned 10bit o) DEHAOH
DDGOH Display cycle fsec | Unsigned 18bit | 1Hto83H O3Hl
SR 2 DEHOH
DDGTH Lurninance Unsigned 16hit | 150 5H 02H
DEH/1OH
o MEWTOCOL | oy
DD62H Protocal Unsigned 186t | 1: MODBUS | i
2 DLITB4S
D064H <LS8>
ritegral actve power (1) | 0.01kWh | Unsigned 32bit | 04 to 289ACSFFH O3H/1OH
DDESH <MSB>
DO65H <LS8>
riegral actve power (2) | 0.01kWh | Unsigned 32bit | 04 to 3B0ACOFFH D3HAOH
DOSTH <MSB>
D06EH <L58>
riegral actve power (3) | 0.01kWh | Unsigned 32bit | 04 to 2B0ACOFFH D3HAOH
DDBCH <MSB>
DDBAH <LSE>
Total integral actve power | 0.01kWh | Unsigned 32bit | 0H to BZDOSDFDH 03H
DOSEH <MSE>
DD6CH <Ls8>
ritegral resctive power (1) | 0.01kvam | Unsigned 32bit | 0 to 2B0ACOFFH D3H/OH
DOSDH <MSE>
DOGEH <LSE>
nitegral reactive power (2) | 0.0%kvarh | Unsigned 32bit | 04 to 2BACOFFH D3HAMOH
DOSFH <MSE>
DOTOH <LS8>
nitegral reactive power (2) | 0.0%kvarh | Unsigned 32bit | 04 to 2BOACOFFH D3H/OH
DO7 1H <MSB>
DO7ZH <LSB> . _
T":; tegral reactive 0.0ikvarh | Unsigned 32bit | 0H to BZ00SDFDH 03H
0O73H <Msg= | PO
DO74H <LSB>
.T,Eg“ PArEMPOWET | 0 D1kVAR | Unsigned 32bit | 0H to 3BBACOFFH DEHADH
oo7sH <mse= | (1)
DO7EH <LSB>
Dy U SPATEMESMET | 0 01k | Unsigned 326it | 0H to 380ACIFFH DEHADH
0077TH <MsB> | )

- 33 -



5.39 ¢ BYUE HE o=z

A AR ¥4 Fow #E wpde
AT AA S o)A A FER gERE 53l
PLC o tfgt &

o] A A= F=gold Ao]z vt7] 98] Remote
/O Al&2 AR

g Eol 2090 Brkskel 25 Aol
we BAS AT gor, Kd9 S A w
7)ol wt.

Remote I/O ° ZAgo 2 2la] Az H
ol 5L 71

T Qlth
o] Ado| = Profibus—DP &

=AlS AFE3Fe], Remote I/O ¢ PLC 7+H9)
TS Fd, BEHAAE A
Remote I/O °f st G4

T AT,

o

o EAl AZY (Coupler), 18 EE, 9 RE=Z
o] Ay s T AAAE f&l ¥48 2 =8 EET AFESHSIA T Remote
I/O o it As7ds #138 obd =1 (Analog) ¢

=7

E

Ao} E3 b5,
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@® PLC (Programmable logic controller)

> A AEl AZEY 4

: EEmMER BEE XNMFAN EAM S0 SUSM CHIN EIM 3 SEEM

DFARNE O A EE O o BRBY |(LEAY AMERA S

AR Oe0 ar | Fax 3 I20a0@RbR@E 00T 0| NONIARRE o FY

TR AR BESUYTY OODEEDROCRERDE QA AR (B 00 Lo da

-
u 0 NGL-PMIEA]
[ROS1 XGL-C424]

N

78 5.4 1S A XG5000 A E ¢ o]

A (Setup) & 4

XG5000 o] AZEojo] A &2 ofeliel 2o

(&
[
o
2
il
off
o
N
X
ofr
ol
=
>,
>,
B
3l
L
o
o
£
N
%
olr
=)
)

XG5000 ¥ 4.02 2015-01—-12

Copyright @ 2005 LS AFA

. Sk A

« AXEg0] LS Ak Foflo]#] 5 R E Jhe.

« XG5000 Ade] Bask AlxE o AbE
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T4 Q4 o ALE

oAy ZFES ARz A Aol FFE/I56MB o4 2]
FUZEE R5-232A2E ZEEE=USEEE
= A= 4T 200MB 1449 A4 7 99
o ZFHe @2 7 vk

2UH 1024 X 768 ©14e] sjile

fzy H =4 2000/XP/VISTA =14

/ #A 27 - LS AFA GX5000 AW A #Hx /

> A AF st=do] A

XGP-ACF

ﬂ)f

XGK-CPUE XGL-PHEA XGL-C42A

o

RUH

3

® STOP

+« REH

ERR

1
I
I
I
I
I
I
I
I
I
I
I
i

F.5.

- e

'g-_-

=lojojolojole] [=lojojofoJoRs

19 5.5LS AFd XG5000 st=¢) o

sTEG o] o9] StEgo] AL 7t Au] TEO E AFARE 98
B 5 (Module) & 9lulahe, TA" @ ot B4 59 o sreojx
T,

7% 55% o] AR 98 PANE FEAE LS A AFE A5 EA

shglom, Al UL obelsl 2ok,
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« PLC ©9 E&: XGP-AC23

o AFGF AC220V 943/ DCEV 8.5A

« PLC CPU: XGK—-CPUE.

e Abk 1/0 £Q1E 1,536.

o AE AT AWTT] dBH P v, Wiojo o3t to]HE A,
e X273 Aol Y tholo]1® (Ladder Diagram), W% gAE

(Instruction List), SFC (Sequential Function Chart)

ST (Structured Text).

o X F 7 W R L 16Kstep.

« 54125 XGL-PMEA.

¢ Pnet: Profibus—DP, Master.

o AFE A ES o) PROFICON.

« ZEFE: vhAH.

o 371 EN50170/DIN19245.

o QIE]Ho] A RS—485.

e A& 7Y W £%:100m 7|5 3M—12Mbps.

- UEQA & HAOAS =126 =

-37 -



« AR5 XGL-C42A.

e Cnet: RS—422/485 2 A 4.
e TARE AE TREFS ARESHY] 111 e LN A9 54 A4
« A%72: RS-232C Hd) 15m, RS—-422 1] 500m.
A%4 5 2,400/4,800/9,600/19,200/38,400 & A€ 7},

« 2H]AF (mA): 300.

® ¢ EY¥E (Power Monitor).

Pawar Maniter 5104 Power Monitor Weidmiiller 3£

§% - 0AEE
o "-GHBEE
: -gomEm|,
zasaaa&aa

SHIFY | |ITEM
Y| a

SET

SET

a4 5.6 99 RUE 99

o] AL 532 9 e B9 U 99

wolAe] ket 91 W 7ol ojak Aol gk,
ohel @ AP ALgEE we) mUH AR ghas] 7] shavh
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o A W2 1P 2W.
« g A 85to 264 V AC, 100 to 300 V DC.

« 574 9 A% 0to 500 V AC.

1P2W Terminal block A (upper) Terminal block B (lower)
11213 |4 5 6 1 213 |4 51| 6
-1 L e k Ll k LI k L:
Breaker | )t j(i (To measure P P
- ___\__. 3-circuit)
AUX. ______________ T
| 1 i ! | !
(Power sunply}i_\l ____________ N\ T
@ ' i lcT2i |
Tq.‘; o L1(R) —I ) ’.‘_,-.\_,*CTZ’.._‘-.\_,'CTS
= = (To measure 3-circuit)
2% N .
& K > |

9 5.7 3¢ FUH A&

39 EYE dEAGe wet AagAo]l SHAH, o] Ao e &

2 Al e 49

%

AC220V 7+ & A& Arlste], 1% 5.7
Bige )

a9 5.7 3 22 A ] A 9 EYE ARE dlo] Al uhet
2, Ad A2 2 AR vlolA i d (ManuaD) ol 7] E o 3l

-39 -
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® 7|t 15 AlE.

« A o] (Relay): MY4N DC24V 7Y, AC220V 6A HA.

o A2 HF71(MC): DC24V 7Y, AC400V 71+ 6A HA.

« ZE]: DC XE, AC #.

« A9 ¥+ 7] (Power Supply): AC/DC AC230V to DC24V 3A.

« W157] (CT): 50:1.
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5.2 Al&2" A4

stedlel A obdsl 2e Ao WAL

S
T E

AC220V ”

i\

DC24V
ﬁ‘l

9 5.8 3¢ FYUEE AF AlAE A
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AlE] A o A A A S ofe AR} o] X1egE3i

I% 5.10 3¢ BUEE A% Ao A
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» =+ ZYE (Power Supply) A4.

7] EYE = A4S fF 718 gy gs AR

Z} A zAbell ofal dheteE A A Z247] gEdh

sepel e 2L 29 5.11 3 ol ok 4 /49 71E o] &ato] A gt

Pawer Monitor Weidmiiller &

DD 88 AK0o
- Ga3aB
i -08888 |
- 88588888

B[ one | [ cer | [SHIFT ‘ﬁn _"
§ | MODE| | SET ‘ v | a

o J8 AP Tl mE dE A # AL SAERERE ARG

PaY Pat | [Pa¥ Pox
| | | -
Tl e T s
- - o
oy |2 ETRR P 22 3P4y

a9 512 39 BUE A9 24 A=
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e HFE7] (CT)E 50:1 & AF231o] 50A 2 1A REZ AFL-3ho}

Pat R

BEES Lol

Pov

" 513 39 BEUY ¥HF7] A4 AR

e AR == RS485 Rr¥ A~ (Modbus RTU) EFJo =z AA

o

Prot — Prot >

g 7l .
nEYE noar [

a9 5.14 39 BUYE A 24 A=

o FABE 9] BUEY oEdAs 1o ATy

%" 5.15 ¢ BYE o=da AY A
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085 i85 E8n Gaa
19200 [+ 400 <= 200 <2 2400
- % &
i :
Con Con
SPd | = 5P
4800 | 9508

1% 5.16 3¢ BEYE T4

B
sx 4% A4

37) stebiel g By 71RA
g b5,
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>

PLC (Programmable logic controller)

c A AE AL 9% Al ZRaW A4S 79517 3 o] Aoy

He 24 4F
(T [REomeC EEEN
S (22
B
N -
/ 3 SO AT A B0 AP | 5 %
b
= EH 4T A AT (R lEE
USB Aok B EE A 271/47) TR 37
1 —p D o or] = = HEMN) @ HHM
e + AE BEHME 3 378 H&ELICH
Bty cpume @F 2 XG5000
I RS-232C

’ - . e
| EEuEM BUO KAWMFAN RV SHDO) EJDM ORdmy 5P E¥w SEEN

DEORS DAY BB DI BOY ERAY I MARKEL.S
QAN FRX NEA AR DEY L LME TN O
= o gy

i o

) EHIRLIEY ARS8

B WD) MUBLIEY U208 S 8% B8 [

CPU MBS [WEK =] [HNEET,

CPU BRICH HE-CPUE ik = XHE W

ENELEY AU S8% SEEDH Bt

=278 0IAY

ERIm 20

ZENE FRF0)
MRS AUY 2B FREIN B33

SRR IA NAR RGNS

7% 5,17 PLC Z21%9 %7] AE

44 A,
AFE S PLC k9] 4 BAe 19 518 3 ol PLC A1ES 544 RS-

1% 5.18 PLC &4l Al G4
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3t7] 913t Cnet (485 &41) 7]+

o SN S = [e) =)
ARE Azt $4 AFAA FAEREE 1 AES AHSSHH, P2P
AHE- it

P ZREEFR ATE RIAHRZIA EIM 22RI0) ZLEM EETH)

DEAHS ® AS EHO O

TE GO & of &G

DR AR A PR AN —
Esc| F3

ZemE >R x

| = # A F 4 48k RE 4FE NP {FF 34 F w MPll y
FA sF1 sF2 F5 F6 sF8 sF8 F9 Fi1 sF3 sF sF5 sF6 F10 sF/ c3

CEIp =2m  &#w

4 E Power monitor
4 HE|E 7Y

EES

o fP 712 HEYS
-4, NewPLC [BOSO XGL-PMEA]

42, NewPLC [BOS1 XGL-C424]
R R
2. NewPLC(XGK-CPUE)-AE

[N EYC L]
a EB puit=la =]

g 7= oy
B Vo o2a|g

Az =2
MewProgram

1111

RS4z2 -
9600 -

EN =i RS485 -
EHEE 15200 -
CIOIE HIE: 8 -
amue,
Bzt ye:
M2IE &AM |[FS 208 -
= 2o

o9 275

= 0

M2t E=

SEHT A2k -
{0500 =100ms )

R AIZE & 1
(0-255)~1 0z )

SR AZE X
(0-255) 103
s3 22

wg i PPAE -
a2

T, SN0\ s 1A =)

- 47 -
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CCHEEE
DCHA &S

Hov 000
W oo
WOV hooos
WOV 100
WOV 1]
Hov 0
Hov 1000
WOV 1000
WOV 1
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o« PLC T2 7% (Program) 2H4.

19 5.20 % Zo] PLC ZEIH AL 7|24 0 39 HUEA PLC &
dole= @ Vo A e

9] EUE el PLC 2t dHolE el tigh ¢171 W w = 5.3 3 o] 34
TYE 2 HFdE o]&3dte] 18 5.21 3} o] =g~ W (Address Map) <
2 g,

P 0 e mmm s =z e

oN )
1 ey EE =

r

WA D 20-PEC—=Z M) Z 8

Vw4 w7 |Glosos 2o | #sa1e |

s Ee! - o) 2 e
1 Mg BIT MO0oan v
2 EHAE _100ns BIT MONoa1 v
& EHAE _200ns BIT MOnooz2 v
4 EMNME g BIT MO0o03 v
5 EMNME Pg BIT MO0no04 v
5 EHoff BIT MON005 v
7 LT A 100ms BIT MONa11 v
il LB A P00ms BIT Mona12 v
9 T s BIT MO0013 v
10 fET X P BIT MOno14 v
11 HMEZIg BIT HOO100 [
12 &1 BIT MO0300 v
13 &l BIT MO0301 v
14 DR _JIETE S BIT MO1000 v
5|25z B I T/GRD Tongo o
[ EYEED] B T/AIRD Toig1 o
7 |EH oA micid o
ERE loFD 0 154 o
EpEE i fi 150 o
P T i fi 150 o
2 |i=E i fif 300 o
2| oA i Bz o
5| loFD B2 o
2| loFD fi2di o
|V i B2 o
| =g Sk i i o
7| B Al i B2 o
% loFD B2 o
% loFD fi2gi7 o
gl loFD fi2dia o
3 loFD fi2aing o
%z liFD g o

% 521 PLC T2 E4 =g A~ %
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. MY HE 5%
. olux BLE
. PLCOIOIE] M

ACz20V

1. 1ton 2Hj THAILY,

DC24V 3. e nLE 54
| # -dg g an
_ , -2HAY
" B
_&_&__ == == 1. PLC X|30{l 2|3 ON/OFF
‘ . 1. PLCEHCHA A
| ‘ [ | 2. PLCX|H0 o3t 2E=
D" §
a9 5.22 A F4S Hg AF
ARE Zgstol, B9 BUH 4% @ A2
BEUH  Z4F AR, A 9 YA 52& 54 AVl
dxd) c qlE tin] £8o] 1IN o2 Q&3 A4 AL
2 dole A% 2 A A
RHE AEZS] g A 9 PLC A H e os 54
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5.3 A&l

TA & RE 4 AE

A< E)
“

5.23& A

F Al 0.379[A] =]

S

x u
T T

b 7RAe] BE e 717

)
er

T
s

% 5.24

)

_zrl

SHIFT | | ITEm
ST
v 'y

MODE

% 5.24 0 SHE AF #

R
B

—_
o

%o
_z__!
el

s

X
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WA obe) 13526 3 2ol 5] B 2A (Log)E ol 3kel, Fah WA
AR U WEAS FA Sk

0.1[A] @912 EAH|o] ehpe], 2] A% A WE £d SHo|

Fs s Ar.

0.6

Zj ey H—o—(/'\&-o-o-o

0.3

0.2

0.1

0 1 17T 17T 17T 11T 1T T 1T 1T "17T°71T 1T T T 1T 1T 1T 1T 17T T T 1T TT:1
“@@Q@W”'\'P*ﬁ’fﬁfﬁﬁ@@rﬁ?ﬁ

A~ !
& o¥ o o

ﬁ‘)‘)‘:‘:‘:f}.ﬁ:.ﬁ)‘:"} :
AT NS BT BT BT BT BT T BT BT BT BT BT B
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E&el Sle]
ON ¥#] 9=t}
1% 5.28 3 o] REQ 3} B
2427 Bt g 40 S =3 a4 HE BEe HHS ONol frh
C

o] RE Hna HAL o] §ato

o
4l

AFE4 A 19 5.27 9 2ol B n¥-a wAe] gL

<
ol
ol
22
o
N
AN
X
filo
>
o
o
fu
o,
ol
ol
=
[an
o

3!
o,
offl
B
o
ikt
o%
ol
ol
rlr
=

40 37

] )
i < oosoo0  ®E =
1] _|. !

4an 46

o )
[ < DO3000 EE =
1] _|. !

0.40[A] Bt} =& AB7} walstd e e xpdEzto] 7psabt)

0.40A = 3437 = MC H3 OFF
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obef IeiZ= Vs A 0.37[A] F& A 3 H3F 0.46[A]

I ot}

o .
N =7

0.4[A]

] B 0.37[A] 718 &
Ho| AFHE EAE YERATL
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Al 6 F A=

Iy
oX,
2
1o
ot

oA B usl gol k9] WUHE o §% NE nE 7ML 3
A e 7o vk
TEg wEe nEE AR wE )% flo] e AL &4 @
AW 5hg) BUE R o] gatel, mElo] mEel AP o] F5 8L, PLC
QAatel o3 dolEl 3 FM FARFE wrh B AL FT T 4 vk
AUA AolWe A% 9] WUHY AR 27] FHelE A v

AARIZF 29 HARE 99 RUEef] o3 BE B o]F3t dS T 2AE

of

o
i)

alt)
o
o
N
)
2.‘_',
rlr
A
u)
ot
ol
1>
o
i

AuA] AolW) FAL a2 F§ste] T2
ZzaHold §4 B Hygdow fE dd AxEdolr & u, 3501
il BY B35 e olFd JidS F 7hs st

qUA BUEE AAERE A v Z4F AR G do]Ast #A glo]
B B35 HEY FAol 7bseta, PLC 2213 oA wo]A e #A glo

fol

Ade =4

olelgh FHow & o, 3¢ RUHP 3 BH o]} B
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Fn =1

[1] LS 2bd XG5000 &~ZEdo] ARg- A

(© LS Industrial Systems Co., Ltd 2010 2015.5 _ 10310000746
[2] LS A XGT Pnet I/F R& AH- A4

(© LS Industrial Systems Co., Ltd 2010 2014.11 _ 10310000504
[3] Weidmuller Remote I/O System u—remote Manual

Order number : 143279000/06/05.2015

[4] Weidmuller Energy Meters Relevant Products Presentation

Jens Muttschall 22.09.2014

[5] Roland Berger Strategy Consultants from Germany

http://www.rolandberger.com/

(6] a=x8ZA x) 2 AE http://home.kepco.co.kr/

[7] @=elyA g AFAZ&FE 9 7| FRIs S

http://www.energy.or.kr

[8] #5% (LabVIEW dHlol&] 43 % CompactRIO) , Ohm A}, 2015
[9] 341 (AsskE st PLC &€8) , Wst=3AF 2009

[10] 343 9] 2 (AUAEL 4.0) , HolHZE, 2015

[11] BAF 9 3% (AF=d8d A3 ) vd i, 2015
[12] A& A8 YA}, 2009
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